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herewith submits to the Ufij^Stete,B^®hated/Elected Office (DO/EO/US) ike following items and other information:

This is a FIRST submission 61 items concerning a filing under 35 U.S.C. 37 J

.

This is aSECOND or SUBSEQUENT submission Of items concerning a filing under 35 US.C. 371,

This is an express request to begin national examination procedures (35 U.S.C. 371 (f)) at any trrnc rather than delay
exarnination until the expiration of the applicable time limit set in 35 U.S.C. 371 (b) and PCT Articles 22 and 39(1).

A proper Demand for International Preliminary Examination was made by the 19th mortth from the earliest claimed priority date.

A copy of the International Application as filed (35 U.S.C. 371 (c) (2))

a. is transmitted herewith (required only ifnot transmitted by the International Bureau).

b. has been transmitted by the International Bureau,

c. is not required, as the applicationwas filed in the United States Receiving Office (RO/US).

A translation of the International Application into English (35 U$,C. 371(c)(2)).

A copy of the International Search Report (PCT/JSA/210),

Amendments to the claims ofthe International Application under PCT Article 19 (35 U.S.C- 371 (cX3»

a. Q are transmitted herewith (required only if not transmitted by the International Bureau).

b. have been transmitted by the International Bureau.

~*-C^ have not been made; however* the time limit for making such amendments has NOT expired.

d. "'£] have not been made and will not be made.

A translation of the amendments to the claims underPCT Article 19 (35 U.S.C. 371(c)(3)).

An oath or declaration ofthe inventorfs) (35 U.S.C. 371 (c)(4)).

A copy oftije mtcmational Preliminary Examination Report (PCT/IPEA/409).

A translation ofthe annexes to the International Preliminary Examination Report under PCT Article 36
(3SU,S,C, 371 (c)(5)).

13 to 18 below concern* documents) or information included:

An InfoTmation Disclosure Statement under 37 CFR 3 -97 and 1 .98.

An assignment document fox recording. A separate cover sheet in compliance with 37 CFR 3 .28 and 3-3 1 is included,

A FIRST preliminary amendment

A SECOND or SUBSEQUENT preliminary amendment

A substitute specificatiort-

A change ofpower of attorney and/or address letter.

Certificate of Mailing by Express Mail

Other items or information:

1. Top sheet of published application

2. Form PCT/IB/308
3. Amendments to the claims Of the International Application under PCT Article 34 are transmitted herewith as annexes

to the IPER
4. Copy ofResponse to Written Opinion of February 22, 2001, including figure pages 1/25, 2/25 and 3/25
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088/02389

20, The following fees are submitted:.

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) :

Search Report has been prepared by the EPO or J'PO

S3 International preliminary examination fee paid to USPTO (37 CFR 1 -4S2)

No international preliminary examination fee paid to USPTO (37 CFR 1 .482)

but international search fee paid to USPTO (37 CFR 1.445(&X2))

Neither international preliminary examination fee (37 CFR 1.482) nor
international search fee (37 CFR 1 .445(a)(2) paid to USPTO

International preliminary examination fee paid to USPTO (37 CFR 1 .482)

and all claims satisfied provisions ofPCT Article 33(2)-(4) ,

$930.00

$730.08-

$790.00

$1,070.00

$98*00

ENTER APPROPRIATE BASIC FEE AMOUNT =

CALCULATIONS PTO USE ONLY

$690.00

Surcharge of$130.00 for furnishing the oath or declaration later than

months from the earliest claimed priority date (37 CFR 1 .492 (e)) T

20 30
$0.00

CLAIMS NUMBERFILED NUMBER EXTRA RATE

Total claims 71 -20 = 51 x $18.00 S91S.00

Independent claims - 3 = $80.00 $320.00

Multiple Dependent Claims (check if appric&bic). $270.00

TOTAL OF ABOVE CALCULATIONS = $2,198.00

Reaction of 1/2 for Sing by small entity, if applicable. Verified Small Entity Statement

muffalso be filed (Note 37 CFR 1-9, 1.27, 1.28) (check if applicable). SI $1,099.00

SUBTOTAL = 31,099,00

Pressing fee of $130*00 for furnishing the English translation later than

mcfi&s from the earliest claimed priority date (37 CFR 1 ,492 (f)).

20 30

$0.00

TOTAL NATIONAL FEE = $1,099.00

Feifor recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR3.28, 3.31) (check if applicable). $0.00

TOTAL FEES ENCLOSED = $1,099.00

Amount to be;
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charged

Q~ A check in the amount of to cover the above fees is enclosed-

ESP: Please charge my Deposit Account No. 03-3419

A duplicate copy of this sheet is enclosed.

in the amount of $1,099-00 to cover the above fee$-

13 The Commissioner is hereby authorized to charge any fees which may be required, or credit any overpayment

to Deposit Account No. 03-3419 A duplicate copy of this sheet is enclosed.

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1-495 has not been met, a petition to revive (37 CFR
1.137(a) or (b)) must be filed and granted to restore the application to pending status-

SEND ALL CORRESPONDENCE TO:

William H, Bippert, Esq.

Cowan, Licbowitz and L&tmAn, P.C.

1 133 Avenue of the Americas

New York, NY 10036-6799

Tel: (212) 790-9200
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NAME
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REGISTRATION NUMBER

September 12, 2001
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: A. LOSHAKOVE, et al.

Serial Number: Not yet assigned

Filed: 20 March 2000 as PCT/1B00/O03 1 0 and Herewith as US National Stage

For: Low Profile Anastomosis Connector

Art Unit: Not yet assigned

Honorable Commissioner ofPatents and Trademarks
Washington DC 20231

PRELIMINARYAMENDMENT
Sir:

Further lo the concurrent filing of a U.S. national stage application of PCT Application

No. PCT/IB00/00310, kindly amend the application as follows:

TN THE SPECIFICATION

Kindly replace the "RELATED APPLICATIONS" section with the following paragraph in

clean form:

-RELATED APPLICATIONS
This application is a U.S. national filing of PCT Application No. PCT/lBOO/00310, filed

March 20, 2000. This application is also a continuation in part of PCT applications

PCT/IL99/002S4, now U.S. application No. 09/701,531, PCT/IL99/00285, now U.S. application

No. 09/701,523, PCT/IL99/00670 and PCT/IL99/00674, the disclosures ofwhich are incorporated

herein by reference. This application is also related to a PCT application PCT/IB00/003O2, filed

March 20, 2000, the disclosure ofwhich is incorporated herein by refcrcncc-

REMARKS
The present application is a U.S. national application of PCT Application No.

PCT/IBOO/00310 filed March 20, 2000.

Applicants wish to bring to the attention ofthe Examiner that claims 1-58 and 63-72 ofthe

present application are the same claims as radicated in an International Preliminary Examination

Report, issued by the USPTO, as meeting novelty and inventive step criteria of articles 33(2)-

33(4) ofthe PCT.

Applicants respectfully request that the Examiner reconsider the arguments advanced in

the response to the Written Opinion of February 22, 2001. Applicants point out that the figures

filed in that response were not attached or referred to in the IPER. A copy of the response

including the amended figures is attached herewith.

1
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An examination on the merits is respectfully requested.

September 13, 2001

William H. Dippert, Esq.

Cowan, Liebowitz and Latman, P.C
1133 Avenue of the Americas
New York, NY 10036-6799

Tel: (212)790-9200

Respectfully submitted,

A. LOSHAKOVE, et al.

MaierFenster
Reg. No. 41,016

Iff
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Version with Markings to Show Changed Made

RELATED APPLICATIONS
This application is a LIS, national filing ofPCT Application No. PCT/IB00/0031O.

filed March 20. 2000. This application is also a continuation in part ofPCT applications

PCT/IL99/00284, now U.S. Application No. 09/701.531 PCT/IL99/0028S_ now U.S.

Application No. 09/701.523. PCT/IL99/00670 and PCT/IL99/00674, the disclosures of

which are incorporated herein by reference. This application is also related to a PCT
application PCT/IB0Q/Q0302. filed March 20. 2000on avan rtntn in fh*. ir.tnmr.Hrvr^i

btgeau as a rocoiving office and having a title "ADVANCED CLOSURE DEVICE" and

an attorney doolcot number 088/01356 , the disclosure of which is incorporated herein by

reference.
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LOW PROFILE ANASTOMOSIS CONNECTOR

RELATED APPLICATIONS

This application is a continuation in part of PCT applications PCT/IL99/00284,

PCT/IL99/00285, PCT/IL99/00670 and PCT/IL99/00674, the disclosures of which are

5 incorporated herein by reference. This application is also related to a PCT application filed on

even date in the international bureau as a receiving office and having a title "ADVANCED

CLOSURE DEVICE" and an attorney docket number 088/01356, the disclosure of which is

incorporated herein by reference.

FIELD OF THE INVENTION

10 The present invention relates to anastomosis connectors and especially to anastomosis

connectors having a low profile.

BACKGROUND OF THE INVENTION

Various types of anastomosis connectors, for connecting two blood vessels, have been

suggested in the art.

15 One drawback of some connectors is their non-trivial profile, i.e., the connectors

project outside of the volume defined by the anastomosis region. As many such connectors are

formed of hard materials, these extensions may damage nearby tissue. One cause of these

projections has been the use of spikes that are bent during the anastomosis procedure. A bent

spike requires a non-trivial bending radius, to prevent spike failure, especially if the spike is

20 elastic, super elastic or shape-memory based. It is noted that elastic, super-elastic and shape-

memory bending mechanisms are limited with respect to the amount of elongation that the

mechanism can faithfully retain. With plastic deformations, the bending is limited by the

danger of mechanical failure. In general, the range of materials (and their mechanical

characteristics) available for implantation is quite limited, due to bio-compatibility

25 considerations.

US patent 5,234,447 to Kaster, the disclosure of which is incorporated herein by

reference, describes a plastically deformed anastomosis device for a side to end anastomosis

between a side vessel and an everted graft. The device comprises a solid ring having a plurality

of forward spikes and a plurality of backwards spikes extending axially from the ring. Forward

30 spikes exit through the tip of the everted graft and typically engage the target side vessel from

inside. Backward spikes do not need to pierce the graft and engage the target vessel from its

outside.

1
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SUMMARY OF THE INVENTION

An aspect of some preferred embodiments of the invention relates to providing a pivot

bar on which a spike of an anastomosis device is mounted. In a preferred embodiment of the

invention, the pivot bar is not part of the mechanical structure of the connector, allowing the

5 spike to deform independently of the deformation of the rest of the connector, even if the

device deformation is not restricted by a mold. In a preferred embodiment of the invention, the

pivot bar is used to provide apply sufficient force to the spike, without requiring a significant

bending radius. Thus, a device whose profile conforms to the blood vessels being connected,

can be provided. Such a pivot bar can be provided for spikes that engage one blood vessel or

1 0 both blood vessels.

A low profile is useful in a forward spike of the anastomosis connector, for example to

reduce tension at the connection and/or reduce blood-connector contact. A low profile is useful

in the backward spike of the connector, for example to minimally impact graft flexibility

and/or to prevent inadvertent damaging of nearby structures. In some designs, a low profile

1 5 device may also be more easily provided by flexible means, such as a catheter.

Another potential advantage of a low profile device is that the device does not restrict

the motion of the graft relative to the target vessel. Thus, the graft can move, and, especially,

the graft can assume a non-perpendicular orientation relative to the vessel. In other

embodiments, restriction of the graft motion and/or extension direction may be desired, so an

20 extended connector may be provided.

In a preferred embodiment of the invention, at least some of the pivot bars are not

straight, optionally allowing for greater force application at some bending positions of the

pivot bars.

In one preferred embodiment of the invention, a spike (mounted on a pivot bar) is cut

25 out of the material from which an opposing spike is formed.

In a preferred embodiment of the invention, a connector comprises a ring with a

plurality of radially displaced spikes on pivot bars. Preferably, the pivot bar heights are

staggered and/or the pivot bars are angled, allowing a better radial compression of the

connector, during insertion ofthe connector into the side vessel.

30 A11 aspect of some preferred embodiments of the invention relates to an anastomosis

connector for a side to end anastomosis, in which at least some of the backward (or forward)

spikes do not penetrate the "side" vessel. Rather, the spikes press against the vessels and

prevent the "end" vessel from advancing too far (or retracting) into the side vessel Preferably,

these pressing spikes are mounted on pivot bars, to allow a large force to be applied, without
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requiring a significant bend area. Alternatively or additionally, such a pressing spike can be

substantially parallel to the surface of the "side" vessel, reducing vessel motion at the

connection area and/or allowing a better spreading out ofpressure.

An aspect of some preferred embodiments of the invention relates to the design of a

ring-part of an anastomosis device. In a preferred embodiment of the invention, the

anastomosis device comprises a plurality of ring segments arranged in a ring, with spike

elements between the ring segments. In a preferred embodiment of the invention, the ring

segments comprises arcs, for example each such ring segment comprising two, three or four

parallel arcs interconnecting two neighboring spike elements. Preferably, all the ring segments

have their arcs in the same direction, however, this is not required. Alternatively to arcs, a ring

segment may comprise one or more zigzag elements, for example including two or more

bends. In some embodiments, the arc or zigzag thickness may vary along a single ring

segment.

In a preferred embodiment of the invention, a strengthening or a loop is provided at the

point of connection between the arc (or other ring segment) and the spike element. The

strengthening or the loop serves to distribute strain caused by radially contracting the

connector and/or to prevent over-straining at the point of connection.

An aspect of some preferred embodiment of the invention relates to a graft eversion

mechanism. In a preferred embodiment of the invention, the eversion mechanism comprises a

graft holder and a plurality of forceps like devices. In a preferred embodiment of the invention,

the forceps like devices can be operated in tandem, to grasp the ends of the graft, evert it and

then pull the everted part back over the rest of the graft. Preferably, the different forceps pull

the graft back different amounts, forming an uneven eversion.

An aspect of some preferred embodiments of the invention relates to performing an

oblique eversion. In a preferred embodiment of the invention, it is noted that an obliquely

everted graft, especially a vein, tends to form an oblique anastomosis connection and the graft

tends to bend back to relieve the strain caused by the oblique eversion. Preferably, the degree

of obliqueness is selected responsive to an expected bending of the graft after the anastomosis

is completed.

An aspect of some preferred embodiments of the invention relates to a method of

forming an oblique-connection anastomosis device. In a preferred embodiment of the

invention, a perpendicular-connection anastomosis device is formed and then bent out of

shape, to provide an oblique device. The bent device is preferably heat treated to train it to its

new geometry.
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An aspect of some preferred embodiments of the invention relates to an apparatus for

delivering a graft to an anastomosis location. In a preferred embodiment of the invention, the

apparatus comprises two parts, a handle, and a replaceable inner-tool, which can be, for

example, a hole-puncher or a graft delivery and anastomosis performance tool. In a preferred

embodiment of the invention, the inner tool is inserted into the handle from the side of the

handle. In an exemplary embodiment, the tool is inserted into the side of the handle and than

slid axially a short distance to lock. A potential advantage of this method is that a vein can be

mounted on the graft delivery tool prior to its being mounted o the handle and there is little

danger of the vein being damage by the handle.

An aspect of some preferred embodiments of the invention relates to a punch for

punching holes in blood vessels. Such a punch may be used from outside the body, or form

inside the body, for example being provided through an endoscope or a catheter. In a preferred

embodiment of the invention, the punch comprises a pointed shaft having a circumferential

depression with defined therein. At least the end of the depression near the tip is sloping. An

outer tube is provided over the shaft. The tip of the tube has a smaller inner diameter than the

rest of the tube. In operation, the tip is inserted into a side of a blood vessel until the vessel

wall is engaged by the depression. The tube is then advanced. The vessel wall is cut between

the inner diameter of the outer tube and the sloping edge of the depression. The cut out portion

is preferably contained in the depression.

An aspect of some preferred embodiments of the invention relates to a device for

measuring and preferably pre-stretching a graft before an anastomosis procedure. In a

preferred embodiment of the invention, the device comprises two bars, a first one connected to

a handle and a second one connected to a weak spring and a scale. The graft is mounted on the

two bars. When the handle is pulled, the motion of the first bar is coupled to the second bar via

the graft. The motion of the second bar is limited by the spring. The scale shows the relative

distance between the two bars, allowing a suitable anastomosis connector to be selected.

Further pulling on the handle can be used to pre-stretch the vein in preparation for eversion

and/or mounting of the anastomosis connector on it.

There is thus provided in accordance with a preferred embodiment of the invention, an

anastomosis connector, comprising:

a plurality of ring segments, together defining a radially expandable ring-like shape

having a lumen;

at least one pivot bar coupled to at least one of said ring segments; and

at least one spike mounted on said pivot bar and rotatable around said pivot bar,



WO 00/56228 PCT/IB00/00310

where radial deformation of said ring-like shape does not substantially directly affect

said spike rotational position. Preferably, rotation of the pivot bar is mechanically decoupled

from radial deformation of ring-like shape. Preferably, said at least one pivot bar comprises at

leas two pivot bars, where said at least one spike is mounted on a first one of said pivot bars

5 and said first pivot bar is mounted on the other pivot bar.

In a preferred embodiment of the invention, said at least one spike is pointed towards

said ring-like shape. Alternatively, said at least one spike is pointed away from said ring-like

shape.

In a preferred embodiment of the invention, said at least one spike comprises at least

10 two spikes, each mounted on a separate pivot bar, where said spikes point in opposite

directions along an axis of said connector.

In a preferred embodiment of the invention, said connector is designed such that said at

least one spike remains outside of a side vessel in an end-to-side anastomosis. Alternatively or

additionally, said connector is designed such that said at least one spike enters a side vessel in

15 an end-to-side anastomosis.

In a preferred embodiment of the invention, said pivot bar is comprised in a spike

element. Preferably, said spike element comprises two opposing spikes. Alternatively or

additionally, said spike element interconnects two adjacent ring segments. Alternatively, said

spike element is attached to only a single ring element.

20 In a preferred embodiment of the invention, said at least one spike has a tip adapted to

penetrate a blood vessel. Alternatively, said at least one spike has a tip adapted to lay against a

blood vessel without penetrating it.

In a preferred embodiment of the invention, said connector is heat-treated to have said

at least one spike perpendicular to said ring. Alternatively, said connector is heat-treated to

25 have said at least one spike parallel to said ring.

In a preferred embodiment of the invention, said connector is heat-treated to have said

at least one spike bend. Alternatively, said connector is heat-treated such that said at least one

spike does not bend.

In a preferred embodiment of the invention, said connector is heat-treated such that

30 said pivot bar is twisted. Alternatively, said connector is heat-treated such that said pivot bar is

not twisted.

In a preferred embodiment of the invention, said pivot bar is within an axial extent of

said ring-like shape. Preferably, said pivot bar is substantially centered relative to said ring like

shape.
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Alternatively, said pivot bar is outside an axial extent of said ring-like shape.

In a preferred embodiment of the invention, said pivot bar is comprised in a pivot

mechanism. Preferably, said pivot mechanism is directly mounted onto at least one of said ring

elements Alternatively, said pivot mechanism is coupled via a single extension to at least one

of said ring elements. Alternatively, said pivot mechanism is coupled via at least two

extensions to at least one of said ring elements.

In a preferred embodiment of the invention, said pivot bar is coupled to said pivot

mechanism via a hinge at each end of said pivot bar. Preferably, said hinge comprises a

thickening of said mechanism relative to said pivot bar.

In a preferred embodiment of the invention, said connector comprises a plurality of

alternating ring segments and pivot bar mechanism and said pivot bar mechanisms are axially

staggered, to allow a greater radial compression of said ring-like shape.

In a preferred embodiment of the invention, said pivot bar is straight. Alternatively,

said pivot bar is piece-wise straight, alternatively, said pivot bar is curved.

In a preferred embodiment of the invention, said connector is packaged. Preferably,

said packaging indicates a particular vessel type for said connector and for which said

connector is adapted. Preferably, said vessel type comprises a femoral arteiy. Alternatively,

said vessel type comprises an aorta.

In a preferred embodiment of the invention, said packaging indicates a particular vessel

size for said connector and for which said connector is adapted. Alternatively or additionally,

said packaging indicates a particular vessel wall thickness for said connector and for which

said connector is adapted. Preferably, said ring-like shape has an axial extent smaller than said

wall thickness.

In a preferred embodiment of the invention, said packaging indicates a particular

connection geometry for said connector and for which said connector is adapted. Preferably,

said geometry is a side-to-end geometry.

In a preferred embodiment of the invention, said packaging indicates a particular

oblique angle geometry for said connector and for which said connector is adapted.

In a preferred embodiment of the invention, said at least one spike is cut out of an

opposing spike of said connector.

In a preferred embodiment of the invention, at least one of said ring segments

comprises a plurality of axially spaced elements. Preferably, said plurality of elements

comprises at least three elements. Alternatively, said plurality of elements comprises at least

four elements. Alternatively, said plurality of elements comprises at least five elements.
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In a preferred embodiment of the invention, all of said plurality of elements have a

same geometry. Alternatively, at least two of said plurality of elements have mirrored

geometries.

In a preferred embodiment of the invention, at least one of said plurality of elements

5 has a single curve geometry. Alternatively, at least one of said plurality of elements has a dual

curve geometry. Alternatively, at least one of said plurality of elements has at least three

curves defined thereby.

In a preferred embodiment of the invention, at least one of said plurality of elements

has a varying width. Alternatively, all of said plurality of elements have a constant width.

10 In a preferred embodiment of the invention, the connector comprises a strain

dissipation element at a point of connection of at least one of said elements and a spike

element to which said ring segment is attached. Preferably, said strain dissipation element

comprises a thickening of said axially spaced element. Preferably, said thickening defines an

aperture.

15 There is also provided in accordance with a preferred embodiment of the invention, a

method of everting a blood vessel, comprising:

engaging a tip of said vessel at a plurality ofpoints around its circumference;

inverting said tip by inverting said points; and

pulling said inverted points towards a distal end of said blood vessel Preferably, said

20 plurality comprises four points. Alternatively or additionally, said engaging comprises

engaging using forceps and where said inverting comprises rotating said forceps. Alternatively

or additionally, said pulling comprises pulling different ones of said points different amounts.

There is also provided in accordance with a preferred embodiment of the invention,

apparatus for graft eversion of a graft over a shaft having a tip, comprising:

25 a handle for engaging said shaft;

a plurality of forceps arranged to engage a tip of said graft where it protrudes form said

shaft; and

a plurality of joints, each one associated with one of said forceps, for rotating said

forceps pulling a tip of each of said forceps axially along said shaft.

30 There is also provided in accordance with a preferred embodiment of the invention, a

method of measuring a graft size, comprising:

mounting a tip of said graft on two extensions, one extension coupled to a spring and

one extension coupled to a handle;

manipulating said handle such that said extensions separate;
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reading a measurement on a scale coupled to said spring; and

selecting an anastomosis connector responsive to said read measurement. Preferably,

the method comprises further manipulating said handle to stretch said graft tip.

There is also provided in accordance with a preferred embodiment of the invention, a

5 hole puncher, comprising:

a sharp tip for forming a puncture in a blood vessel;

a shaft having a varying diameter and having a depression formed therein for engaging

a wall of said blood vessel, said diameter substantially matching a diameter of said tip at one

end of the shaft, said diameter increasing away from said tip for a first distance and said

10 diameter then defining a slope of diminishing diameter towards said depression; and

r;:i
an outer tube mounted on said shaft and having a tip, said outer tube having an inner

^ diameter of said tip that is in a range of diameters defined by said slope of diminishing

1|J diameters. Preferably, said tip of said outer tube has a smaller outer diameter that a more

proximal portion of said outer tube.

Cj 15 There is also provided in accordance with a preferred embodiment of the invention, a

g method of forming an oblique anastomosis connector, comprising:

l

;:J
providing a non-oblique anastomosis connector;

M; mounting said connector in a restraint;

r2J
manipulating said restraints to deform said connector to a desired degree of

H : 20 obliqueness; and

heat-treating said connector after said manipulation, to maintain said distortion.

Preferably, the method comprises heat-treating said connector prior to said mounting, to train a

deformation of a spike portion of said connector.

There is also provided in accordance with a preferred embodiment of the invention, a

25 side mounted delivery system, comprising:

a handle including an opening in its side;

a graft delivery tool adapted to fit through said opening; and

a groove and projection mechanism slidably interconnecting said tool and said handle.

Preferably, the system comprises a snap-lock mechanism for axially fixing said handle relative

30 to said tool.

BRIEF DESCRIPTION OF THE DRAWINGS

Particular embodiments of the invention will be described with reference to the

following description of preferred embodiments, in conjunction with the figures. The figures

are generally not shown to scale and any measurements are only meant to be exemplary and

8
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not necessarily limiting. In the figures, identical structures, elements or parts which appear in

more than one figure are preferably labeled with a same or similar number in all the figures in

which they appear, in which:

Fig. 1 is plan view of a part of a pivot-bar based anastomotic connector, in accordance

5 with a preferred embodiment of the invention;

Figs. 2A-2E illustrate a deployment method for the connector of Fig. 1, in accordance

with a preferred embodiment of the invention;

Fig. 3 is plan view of a part of another pivot-bar based anastomotic connector, in

accordance with an alternative preferred embodiment ofthe invention;

10 Figs. 4A-4C illustrate a deployment method for the connector of Fig. 3, in accordance

with a preferred embodiment of the invention;

Fig. 4D is a cut-sectional view of an heat-treating device suitable for pivot-bar based

anastomosis connectors, in accordance with a preferred embodiment of the invention;

Fig. 5 is plan view of a part of a pivot-bar based anastomotic connector, featuring

1 5 spikes cut out of spikes in accordance with a preferred embodiment of the invention;

Figs. 6A-6C illustrate various spike designs utilizing a pivot-bar or a similar hinge, in

accordance with preferred embodiments of the invention;

Figs. 6D-6E illustrate a spike design utilizing two pivot bars, in accordance with a

preferred embodiment of the invention;

20 Figs. 7A-7B illustrate an oblique anastomosis connector utilizing a pivot bar design, in

accordance with a preferred embodiment of the invention;

Figs. 8A-8E illustrate various anastomosis connector designs, in accordance with

preferred embodiments of the invention;

Figs 9A and 9B illustrate a connector-bending device, in accordance with a preferred

25 embodiment of the invention;

Fig. 10 illustrates an alternative connector-bending device, in accordance with a

preferred embodiment of the invention;

Fig. 1 1 is a cross-sectional view of a graft measurement and/or stretching device in

accordance with a preferred embodiment of the invention;

30 Figs. 12A-12C illustrates a side-mounted anastomosis delivery system, in accordance

with a preferred embodiment of the invention;

Figs. 13A-13F illustrate a graft eversion tool, in accordance with a preferred

embodiment of the invention; and

9
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Fig. 14 illustrates a tip of a hole-punching tool, in accordance with a preferred

embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 is plan view of a part of a pivot-bar based anastomotic connector 100, in

5 accordance with a preferred embodiment of the invention. Connector 100 is generally ring

shaped, formed of a plurality of ring segments 102 and a plurality of spike elements 104

interspersed between the ring segments. It is noted however, that other connector designs, can

be used, for example, the spike elements being independent of the ring segments.

A ring segment forms part of the ring structure of the connector and is typically, but

10 not always, radially compressed, to allow easier insertion into a blood vessel In a preferred

embodiment of the invention, each ring segment 106 comprises a* plurality of side-by-side

elements 106, which are preferably elastic.

A spike element supports one or more opposing spikes, for example spikes 118 and

108 as shown. Spike 108 is shown with a sharp tip 109, for penetrating a graft vessel, as will

1 5 be explained below with respect to Fig. 2.

A particular feature of connector 100 is that one or both of spikes 108 and 118 are

mounted on a pivot bar 1 10 or 120, such that the spike can be extended into the figure plane

without substantially bending the spike, only by twisting the pivot bar. Furthermore, the

amount of distortion of the pivot bar is considerably smaller than that of a comparable in-line

20 hinge, such as is formed by a bending of the spike. Thus, the deformation is less likely to cause

hinge failure and/or a hinge can be configured to also apply greater force to the spike.

Although the spikes are shown mounted at the center of their pivot bars, this is not essential.

In connector 100, the pivot bars 110 and 120 are shown are being axially spaced from

the connector by extensions 114 and 116, respectively. However, as will be shown in

25 alternative embodiments below, this is not required.

A joint 112 attaches pivot bar 110 to extension 114. In this joint, the spacer is made

thicker than the pivot bar, to prevent undesirable twisting of the spacer or any part of the

connector other than pivot bar 110. Other variations of joints will be described below. It is

noted, that strengthened or weakened portions may be provided at other points along the pivot

30 bars, besides at their ends, to control where deformation takes place.

In a preferred embodiment of the invention, the pivot bar is not a load bearing structure

or a radially expanding structure, so that the forces applied to the spike can be independent of

the radial expansion forces. Another potential advantage of this separation is that the radial

10
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expansion of connector 100 as a whole does not have to affect the spike positions vis-a-vis

extensions and/or the rest ofthe connector.

Another potential advantage of pivot bars, is that the profile (e.g., protrusions from the

anastomosis location) of the connector can be reduced.

5 Another potential advantage, realized in spike 118, is that the spike does not need to

penetrate the blood vessel at all. Rather, the force applied by the pivot bar is sufficient to hold

the spike against the blood vessel (as shown below in Fig. 2), without penetrating it.

Figs. 2A-2E illustrate an exemplary deployment method for connector 100, in

accordance with a preferred embodiment of the invention. Connector 100 is preferably heat

10 trained to have a resting configuration as shown in Fig. 2E, with spikes 108 and 1 18 extending

kl perpendicular to the connector surface.

y3 Fig. 2A shows a connector 100 with both spikes axially aligned, mounted between a

holder 134 and a graft cover 136. A graft 132 is provided everted over graft cover 136 and

ffl connector 100, and inside an aperture in the wall of a "side" vessel 130. A base tube 138

III
1 5 maintains connector 100 in its axial position relative to the rest of the delivery system.

JL As shown in Fig. 2A, tips 109 of spikes 108 transfix graft 132, at its eversion. In Fig.

0:1 2B, the base tube 138 is advanced relative to holder 134 and cover 136, so that spike 108

[1 advances into the aperture in vessel 130 and reverts to its resting configuration perpendicular

O to connector 100. Since most, if not all of the bending is in pivot bar 118, the side profile of

20 the extended spike can be substantially perpendicular. Tips 109 may be trained to be slightly

bent towards the near vessel wall, to prevent them from protruding into vessel 130.

In Fig. 2C, holder 134 is retracted, allowing connector 100 to expand radially, at its

ring segments 102.

In Fig. 2D, holder 134 is retracted even more, releasing spikes 118 to bend

25 perpendicular to connector 100. As a result, vessel 130 is grasped between spikes 108 and

spikes 1 18. It is noted that spikes 1 18 do not penetrate and blood vessel, while spikes 108 only

penetrate graft 132, not vessel 130. Alternatively, spikes 108 may extend directly into the side

of vessel 130.

In Fig. 2E, graft cover 136 is retracted and the anastomosis is completed.

30 In a preferred embodiment of the invention, the spikes and spike tips are designed to

support vessel 130. In one exemplary embodiment, the spikes are wide. Alternatively, the

spikes are roughed on their inner surface where they contact vessel 130. Alternatively, the

spike tip may be wider than the spike, for example to define a contact pad between the spike

and vessel 130.
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Connector 100 is preferably formed of a elastic, super-elastic or shape-memory

material, such as NitinoL However, connector 100 may alternatively be plastically deformed.

In one example, holder 134 engages spikes 108, when it is retracted, it bends spikes 108, by

twisting pivot bar 110. Once spikes 108 are bent sufficiently, holder 134 may disengage the

5 spikes. A suitable holder tip for engaging and disengaging is shown, for a different purpose, in

Fig. 9B. When the tip is rotated, the engaged spike is released.

Fig. 3 is plan view of a part of a pivot-bar based anastomotic connector 200, in

accordance with an alternative preferred embodiment of the invention.

Similar to connector 100, connector 200 comprises a plurality of ring segments 202,

10 comprising two arcs 206 and a plurality of spike elements 204, each comprising a spike 208

and a spike 218. It is noted that a particular spike element 208 does not need to include two

opposing spikes and may include one or more than one spike in each axial direction.

This connector, as are other embodiments described herein, is selected to exemplify a

plurality of design features. A connector in accordance with a preferred embodiment of the

15 invention is not to be construed as being limited to the particular mix of features illustrated.

Rather, the embodiments were chosen to illustrate several features in each embodiment, with

the understanding that other embodiments within the scope of the invention can contain any

selection of features from any of the embodiments shown.

One feature of connector 200 is that a pivot bar 220 of spike 218 is within the axial

20 extent of ring segment 202. Thus connector 200, when deployed, can have a smaller axial

extent than connector 100. In the embodiment shown, spike 208, which may be a forward

spike, does not have a pivot bar and the spike itself is bent for deployment.

Another feature exemplified by connector 200, is that the pivot bars for two adjacent

spike segments 204 and 204' are not at the same axial position. Thus, the pivot bars of adjacent

25 spike elements do not contact during radial compression ofconnector 200.

Another feature of connector 200, is that a pivot bar 220 of spike 21 8 is not straight. As

shown, the pivot bar is V shaped, however, a sine shape or a zigzag shape could also be

provided. Spike 218 is preferably, but not necessarily, attached at the bend in pivot bar 220. A
potential advantage of the V shaped designed showed is that a greater force can be applied

30 over part of the bending positions of spike 218, than can be with a similar straight pivot bar.

Alternatively, the pivot bar may be tilted to provide space for axial compression, but remain

straight.

Another feature of connector 200 is that the mechanism supporting the pivot bars forms

substantially square corners that jut into the neighboring ring segments. Alternatively, these
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corners may be rounded. Optionally, the pivot bar is bent to conform with the connector

surface, however, this is not essential, especially in those connectors where the pivot bar is

coupled to the connector at only a single point.

Another feature of connector 200, which will be illustrated in Fig. 4 that describes the

5 deployment, is that the spikes are both bent and twist around the pivot bars. Thus, spikes 218

include a forked tip 219, for spearing vessel 130. However, this spearing can be at an angle

significantly shallower than 90°, for example 60° or 30°.

Figs. 4A-4C illustrate a deployment method for connector 200, in accordance with a

preferred embodiment ofthe invention.

10 Fig. 4A shows connector 200 after its forward spike 208 is released to engage vessel

130. A method similar to that shown in Fig. 2 may be used for releasing the spikes (which may

be super-elastic), or other methods, for example as described in the above referenced PCT

applications, can be used.

Spikes 218 are preferably held between a connector holder 238 and a outer tube 234,

15 during and shortly following the engagement of vessel 130 by spikes 208. A connection

positioner 240 may be provided to control the position of connector 200 relative to vessel 130

and provide a counter-force for retracting connector 200 so that spikes 209 engage vessel 130.

In Fig. 4B, outer tube 234 is retracted, freeing spike 218 to bend. As shown, both spike

218 and pivot bar 220 bend, with the result that spike tip 219 engages vessel 130.

20 In Fig. 4C, an optional step of advancing outer tube 234 is illustrated, this advancing

further bends spike 218 and strengthens the engagement of vessel 130.

Fig. 4D is a cut-sectional view of an heat-treating device 250 suitable for pivot-bar

based anastomosis connectors, in accordance with a preferred embodiment of the invention,

connector 200 (or 100) is placed in device 250. This placement requires distorting the

25 connector as shown. Device 250 is then heated to heat-treat the connector and make the new

configuration its resting configuration to which the connector tends to return after distortion.

Two types of spikes 218 are shown in Fig. 4D, namely, a penetrating spike 218 is as

shown in Fig. 3, and a contact spike 21

8

f

does not penetrate vessel 130. Optionally, the contact

spikes are distanced from the connector center, to allow more force to be applied to vessel 130

30 during deployment.

A single connect may include both penetrating and contact spikes 218, as shown, or the

connect may comprise only contact spikes 218* or only penetrating spikes 218.

Fig. 5 is plan view of a part of a pivot-bar based anastomotic connector 300, featuring

spikes cut out of larger spikes in accordance with a preferred embodiment of the invention. As

13
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with the above connectors, connector 300 comprises a plurality of ring segments 302 each

formed of a pair of arcs 306. A spike 308 is cut out of the body of a spike 318. A pivot bar 310

of spike 308 is mounted on optional extension tabs 314.

One feature of connector 300 is that the spikes bases are defined within the axial extent

5 ofring segments 302.

Another featured of connector 300 is that spikes 318 are hollow, so that a smaller

amount of foreign material is present and better tissue adhesion, across the spike, can be

provided.

Another feature of connector 300 is that pivot bar 310 is mounted on extension tabs

10 314. Thus, the axial location of pivot bar 310 can be set after the connector manufacture, by

bending tabs 314 a desired amount and then heat treating the device to finalize the tab location.

In the above embodiments, graft 132 is typically transfixed by spikes 108, 208 or 308.

Alternatively, no such transfixing is provided. In this alternative embodiment, ring segments

306 are provided inside ofthe everted part of graft 1 32. Tabs 3 14 are folded back past the edge

15 of the eversion and then optionally again forward, so that spikes 308 and pivot bar 310 are on

the outside of the everted section of graft 132. Optionally, spikes 308 are defined in the center

of ring segments 306, rather than between the segments, and the everted portion of graft 132 is

held between ring segments 306 and pivot bar 310.

Figs. 6A-6C illustrate various spike designs utilizing a pivot-bar or a similar hinge, in

20 accordance with preferred embodiments of the invention. As will be shown in the embodiment

of Fig. 6D, these spikes may be extended differently from the spikes described above. In

particular, these spikes may be pointed towards the ring of the connector, at least during

manufacture.

In Fig. 6A, a spike mechanism 330 includes a pair of spikes 332 mounted on a base

25 336, which base includes an extension 334. Base 336 can serve as a pivot bar, inasmuch as the

rotation of spikes 332 is supported by distortion of a significant length of base 336. Extension

334 may server for holding spike 332 during insertion.

In Fig. 6B, spike mechanism 340 features a spike 342, mounted on an extension

portion 344 of a base 346, possibly allowing better control of the bending and a reduction in

30 the volume taken up the rotation of the spike.

In Fig. 6C, a spike mechanism 350 features a spike 352 mounted directly on a base

356. It is noted that various spike lengths may be provided, within the scope of the invention,

the spike lengths preferably being selected to penetrate vessel 130 only a desired amount.

14
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Figs. 6D-6E illustrate a spike mechanism 360 utilizing two pivot bars, in accordance

with a preferred embodiment of the invention. Fig. 6D is a plan view. Mechanism 360 has two

spikes 362 mounted on a pivot bar 364. Pivot bar 364 is itselfmounted, via two extensions 368

on a second pivot bar 366. A portion 370 connects mechanism 360 with the rest of a connector

5 372.

Fig. 6E is a side view of a deployed connector 372. Mechanism 360 is bent twice, once

at pivot bar 366 and once at pivot bar 364. This allows a substantially square profile to be

produced, which conforms to the blood vessels taking part in the anastomosis. Also shown is

an opposing spike 374, which may be of any type.

10 It should be noted that a single pivot bar can be used to provide a wide range of

rotation angles, such as between 15° and 180°, or even over 180°. In some embodiments, a

double pivot bar is provided for large angles of rotations, however, this is not required.

Figs. 7A-7B illustrate an oblique anastomosis connector 400 utilizing a pivot bar

design, in accordance with a preferred embodiment of the invention. Fig. 7A is a plan view of

15 a part of connector 400. Connector 400 comprises a plurality of ring segments 402, each

comprises a plurality of arc sections 406. A forward bending spike 408 is provided, with a tip

409. A pair ofbackward spikes 41 8 are mounted on a pivot bar 420. Bar 420 is separated from

connector 400 by a pair of extensions 414, however, a single extension or three or more

extensions could be used.

20 Device 400 is built to be oblique, thus, the ring segments do not lie on a straight line,

but on a wavy line, preferably corresponding to the final shape of the connection. In the

embodiment shown, the spikes are parallel to the connector axis. Alternatively, the spikes

and/or the pivot bars may be tilted or even parallel with the axis defined by the lumen of

connector 400 (this axis is perpendicular to the ring plane of the connector).

25 Fig. 7B is a side cross-sectional view of a deployed connector 400.

It should be noted that spikes 418 and spikes 408 can be designed to push in opposite

radial directions, for example spikes 408 pushing in and spikes 418 pushing away from the

anastomosis connection. Thus, the wall of vessel 130 can be radially engaged by the spikes.

Alternatively, the spikes apply a stretching force to the wall of vessel 130. In either case, the

30 spike position and force application direction can be used to isolate the rest of vessel 130 from

the forces applied by the anastomosis connection, optionally, while compressing a part of the

wall of vessel 130 between at least some of the spikes (not necessarily all from the same axial

set) and the ring-part of the spike.

15
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Figs. 8A-8E illustrate various anastomosis connector designs, in accordance with

preferred embodiments of the invention.

Fig. 8A is a plan view of a portion of an anastomosis connector 500, in which each ring

segment 502 is formed of a plurality of zigzag elements 506. Elements 506 may have a

5 constant width or their width may vary. One expected benefit of using zigzag elements is that

the connector is less likely than an arc-based device to distort in an unexpected manner.

Another potential benefit of zigzag ring segments is that the force applied by the expanding

ring can be better matched to the needs of the anastomosis.

Fig. 8B is a plan view of a portion of an anastomosis connector 520, in which each ring

10 segment 522 is formed of a plurality of arc elements 526. In connector 520, five arc elements

526 are provided. In other embodiments, a different number of arc-elements may be used, for

example three or four.

The term arc-element is used for convenience, the actual curve of each element 506

need not be that of an arc of a circle, for example being a spline or a segment of an ellipse.

15 Alternatively or additionally, the different elements may have different shapes and/or widths,

for example the radius of curvature increasing in an axial direction.

In a typical manufacturing process, two connectors overlap in the raw material, for

example the spikes of one connector interleaved with the spikes of a next connector. Thus, the

manufacturing process can be more efficient with respect to waste material.

20 Fig. 8C is a plan view of a portion of an anastomosis connector 530, in which each ring

segment 532 is formed of a plurality of arc elements 536. In connector 530, four arc elements

are provided, arranged in the form of two concentric near ellipses. At the point of contact

between an arc-element 536 and a spike element 534, a strengthening or a loop 538 is

preferably provided, to prevent stress related damage from occurring at that point.

25 Fig. 8D is a plan view of a portion of an anastomosis connector 540, in which each ring

segment 542 is formed of a plurality of recurved elements 546. In connector 540, two such

recurved elements are provided. As shown, a plurality of forward spikes 548 have different

lengths. These different lengths may be used for forming an oblique anastomosis connector

and/or for oblique anastomosis connections, as described below, for example. The number of

30 curves in the recurved element can be greater, for example, being three, four or more.

Fig. 8E shows a connector 550 similar to connector 500 of fig, 8A, in which four,

rather than three zigzag elements 556 are provided.

16
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It should be appreciated that the number, shape, thickness and mechanical working of

the ring segments are determined based on a desired mechanical behavior. Typically, but not

necessarily, the desired parameters are:

(a) withstanding stress fracture;

5 (b) sufficient radial force against vessel 130;

(c) provision ofa seal against leakage;

(d) matching of vessel 130 wall thickness; and/or

(e) pulsile and other characteristics of the vessel for which they are designated.

In addition, to the above variations, the ring segment design may vary between

10 elements in a single connector, for example being alternately arc elements and zigzag

elements.

In a preferred embodiment of the invention, structural elements are added to the

connector to prevent to large an increase in radius, for example by providing struts or wires

that interconnect neighboring spike elements and prevent them from separating too much.

15 Oblique connectors may be formed by obliquely cutting metal tubes or sheet metal.

Alternatively, an oblique connector is formed by manufacturing a perpendicular connector and

then distorting it to make it oblique. In an exemplary embodiment, the above connectors may

be formed by cutting a suitable Nitinol tube, for example having an outer diameter of 5.3 mm
and having a material thickness of 0. 1 8 mm.

20 Figs 9A and 9B illustrate a connector-bending device 600, in accordance with a

preferred embodiment of the invention. Fig. 9A is a side cross-sectional view of device 600. A

connector 602, preferably after it is heat-treated to learn a new resting configuration of its

spikes, is mounted on two tools 604, each ofwhich engages the spikes ofone side of connector

602. A screw 608 is used to fix one tool 604 to a bottom base 610 and another screw 608 is

25 used to fix the other tool 604 to a top base 612. The two bases are moved relative to each

other, such that connector 602 is distorted. The two bases are then attached to each other using

screws 614 and the entire device is placed in an oven for additional heat-treating.

Fig. 9B is a top view of tool 604, showing L shaped slots for engaging the spikes of

connector 602 and an inner-threaded aperture for engaging screw 608.

30 Fig. 10 illustrates an alternative connector bending device 630, in which a same base

612, screw 608 and tool 604 are used to engage one end of connector 602. However, the

connector is distorted by inserting a stylet 632 into the lumen of connector 602. The cross-

section of stylet 632 can be any desired cross-section. A second based 634 fixes the stylet in

place and, the device and connector are placed in an oven for heat-treating.

17
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Fig. 1 1 is a cross-sectional view ofa graft measurement device 700, in accordance with

a preferred embodiment of the invention. Device 700 comprises a body 701 having a handle

702 at one end thereof. A graft 132 is placed on two projections 704 and 710. Projection 704 is

coupled to a piston 706 that is fixed to handle 702. Projection 710 is coupled to a piston 708,

5 which is coupled to body 701 via a weak spring 714. A scale 712 is mounted on piston 708.

In operation, an extension force applied to handle 702 is coupled to piston 708 via graft

132. The diameter of graft 132 affects the measurement shown on scale 712. An additional

extension of handle 702, possibly until a block, stretches graft 132 in preparation for eversion.

It will be appreciated by a person skilled in the art that other ways of coupling the diameter of

10 the graft to the extension of a weak spring can also be used to the same effect. It is noted that

over-stretching of graft 132 can be prevented by selecting a spring that yields before the graft

does or by selecting a spring that even when stretched to its maximum allowed length does not

apply a force above a safety threshold.

Figs. 12A-12C illustrates a side-mounted anastomosis delivery system, in accordance

15 with a preferred embodiment of the invention. In a preferred embodiment of the invention, a

single handle 800 is used to provide various tools to the anastomosis location. Two exemplary

tools are a graft delivery tool 802 and a hole puncher (not shown).

In a preferred embodiment of the invention, the tools are loaded into handle 800 from

the side of handle 800. A slide and snap mechanism is shown as an exemplary method of

20 achieving side loading. Tool 802 has at least one rail 808 defined on it and handle 800 has a

matching groove 810. A projection 814 on tool 802 matches a projection 812 in handle 800.

The grooves and the projection may be switched between the handle and the tool.

Fig. 12A shows handle 800 separated from tool 802. In Fig. 12B, groove 810 engages

rail 808. In Fig. 12C, tool 802 is advanced enough so that projections 814 and 812 interlock.

25 Tool 802 may be removed by applying sufficient retraction force, to overcome the

resistance of the projections, either bending them away or breaking them (for a one-time

device).

In operation, a graft 132, such as a vein, is inserted into an opening 804 in tool 802 and

exits at its open tip 806. Tip 806 with the graft on it is then inserted into an aperture in vessel

30 130 (e.g., Fig. 2). One potential advantage of side loading the graft holding tool 802 into

handle 800, is that the vein is less likely to be damaged by passage through handle 800, if such

passage is minimized.

Another potential advantage is that it is easier to mount and navigate a short vein on a

side-mounted tool. It is noted that graft mounting may be required to be performed even if the

18
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vein is still connected to the body, in which case, possibly, the vein cannot be removed from

the body at all, or any significant distance.

Tool 802 can correspond, for example to the device used in Fig. 2, with tip 806

corresponding to graft holder 136.

5 Figs. 13A-13F illustrate a graft eversion tool 900, in accordance with a preferred

embodiment ofthe invention.

Tool 900 comprises a hollow shaft 902 for engaging a graft delivery tool, such as tool

802 (Fig. 8) and a plurality or forceps mounting points 904 (four shown in this exemplary

embodiment, but other embodiments may have as few as one, two or three or more, such as

10 five or six). Preferably, a forceps 906 is mounted on each mounting point 904, using a forceps

mechanism 908. However, for clarity, the figures show only a single forceps in one forceps

mounting mechanism. Also, graft 1 32 is not shown.

Fig. 13A shows device 900 prior to the provision of tool 802.

In Fig. 13B, tool 802 is provided in shaft 902. A graft is provided through opening 804

15 in tool 802 and out of its tip 806, In this figure, a perpendicular, rather than an oblique tip 806

is shown. However, an oblique tip, for example as in Fig. 12, may be used instead, and the

motion of forceps 906 is preferably matched to the obliqueness. Depending on the

embodiment, an anastomosis connector (not shown) may already be mounted on tip 806, such

that the vein everted over it.

20 In Fig. 13C, forceps 906 is brought over the tip of graft 132 and closed. It is noted that

four pairs of forceps are thus closed on different parts of the graft tip.

In Fig. 13D, all four forceps are rotated using their mechanism 908, so that the graft is

everted. Preferably, all the forceps are rotated simultaneously, alternatively, they are rotated in

series. Many mechanism can be used to effect the simultaneous rotation.

25 In Fig. 13E, the forceps are pulled down, elongating the eversion length. Optionally,

each forceps pulls down a different amount, thereby forming an oblique eversion. Optionally

tip 806 has an oblique end, to support the oblique eversion. It is noted that many types ofjoint

mechanisms can be used to effect the rotation and pulling down ofthe forceps tips.

In Fig. 13F, the forceps are opened, releasing the graft and allowing tool 802 to be

30 removed and inserted into handle 800 (if it is not already so inserted.

The inventors have discovered that when a vein is everted obliquely, that is with the

everted part having different lengths along the circumference of the eversion, the everted vein

tends to bend after a while, in an attempt to release the strain caused by the uneven eversion. In

a preferred embodiment of the invention, this mechanism is utilized when forming an eversion,
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even using a non-oblique anastomosis device, with the result that the graft curves after the

anastomosis is completed.

Fig. 14 illustrates a tip of a hole-punching tool 950, in accordance with a preferred

embodiment of the invention. The side of the figure to the left of the axis shows the tip prior to

5 hole punching and the side of the figure to the right of the axis shows the tip after the punching

is completed.

Punch 950 comprises an anvil 954 and an outer cutting tube 952. Preferably, a sharp

inner tip 956 is used to form an initial hole in vessel 130 and then tip 956 is retracted. After

forming the hole anvil 954 is advanced until vessel 130 is engaged by a depression 958 in

10 anvil 954. Depression 958 preferably has an inclined side 962. Cutting tube 952 has a forward

portion having a reduced inner diameter that is smaller than the outer diameter of the sides of

depression 958. Thus, when cutting tube 952 is advanced, vessel 130 is cut between inclined

side 962 and the tip of cutting tube 960. A benefit of this design is the relative laxity of

tolerances, as long as the inner diameter of cutting tube 960 matches a diameter of some point

15 of slope 962.

Punch mechanism 950 can be used for both straight and oblique cuts, by varying the

location and/or slope 962 of depression 958.

In a typical complete bypass procedure, for the heart, a graft is attached to an aorta and

then to a coronary vessel. A similar procedure may be used in other blood vessels, for example

20 the femoral artery. A punch mechanism 950 can be used for both blood vessels. The graft may

be, for example, a vein or artery from the same or a different patient. Alternatively, a xenograft

or a synthetic graft may be used instead.

The above description has focused on end-to-side anastomosis connectors. However,

the above described features can also be applied to side-to-side and end-to-end anastomosis

25 connections and connectors, for example replacing bending spikes with single or double pivot

bending spikes. Additionally, the above described spike and ring segment designs may also be

applied to hole closure devices, that radially contract and seal a hole formed in a blood vessel.

Such devices may include only "forward" spikes, to engage the blood vessel, at its side or at its

end.

30 It will be appreciated that the above described methods of vascular surgery may be

varied in many ways, including, changing the order of steps, which steps are performed inside

the body and which outside, the order of making the anastomosis connections, the order of

steps inside each anastomosis, the exact materials used for the anastomotic connectors and/or

which vessel is a "side" side and which vessel (or graft) is an "end" side of an end-to-side

20
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anastomosis. Further, in the mechanical embodiments, the location of various elements may be

switched, without exceeding the sprit of the disclosure, for example, switching the anvil for the

cutting edge in the hole-punching devices and switching the moving elements for non-moving

elements where relative motion is required. In addition, a multiplicity of various features, both

5 of method and of devices have been described. It should be appreciated that different features

may be combined in different ways. In particular, not all the features shown above in a

particular embodiment are necessary in every similar preferred embodiment of the invention.

Further, combinations of the above features are also considered to be within the scope of some

preferred embodiments of the invention. In addition, some of the features of the invention

10 described herein may be adapted for use with prior art devices, in accordance with other

preferred embodiments of the invention. The particular geometric forms used to illustrate the

invention should not be considered limiting the invention in its broadest aspect to only those

forms, for example, where a circular lumen is shown, in other embodiments an oval lumen

may be used.

15 Also within the scope of the invention are surgical kits which include sets of medical

devices suitable for making a single or a small number of anastomosis connections.

Measurements are provided to serve only as exemplary measurements for particular cases, the

exact measurements applied will vary depending on the application. When used in the

following claims, the terms "comprises", "comprising", "includes", "including" or the like

20 means "including but not limited to".

It will be appreciated by a person skilled in the art that the present invention is not

limited by what has thus far been described. Rather, the scope of the present invention is

limited only by the following claims.
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CLAIMS

1 . An anastomosis connector, comprising:

a plurality of ring segments, together defining a radially expandable ring-like shape

5 having a lumen;

at least one pivot bar coupled to at least one of said ring segments; and

at least one spike mounted on said pivot bar and rotatable around said pivot bar,

wherein radial deformation of said ring-like shape does not substantially directly affect

said spike rotational position.

10

2. A connector according to claim 1, wherein rotation of the pivot bar is mechanically

decoupled from radial deformation of ring-like shape.

3. A connector according to claim 2, wherein said at least one pivot bar comprises at leas

15 two pivot bars, wherein said at least one spike is mounted on a first one of said pivot bars and

said first pivot bar is mounted on the other pivot bar.

4. A connector according to claim 1, wherein said at least one spike is pointed towards

said ring-like shape.

20

5. A connector according to claim 1, wherein said at least one spike is pointed away from

said ring-like shape.

6. A connector according to claim I
5
wherein said at least one spike comprises at least

25 two spikes, each mounted on a separate pivot bar, wherein said spikes point in opposite

directions along an axis of said connector.

7. A connector according to claim 1, wherein said connector is designed such that said at

least one spike remains outside of a side vessel in an end-to-side anastomosis.

30

8. A connector according to claim 1, wherein said connector is designed such that said at

least one spike enters a side vessel in an end-to-side anastomosis.

22
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9. A connector according to claim 1, wherein said pivot bar is comprised in a spike

element.

10. A connector according to claim 9, wherein said spike element comprises two opposing

5 spikes.

11. A connector according to claim 9, wherein said spike element interconnects two

adjacent ring segments.

10 12. A connector according to claim 9, wherein said spike element is attached to only a

single ring element.

13. A connector according to claim 1, wherein said at least one spike has a tip adapted to

penetrate a blood vessel.

15

14. A connector according to claim 1, wherein said at least one spike has a tip adapted to

lay against a blood vessel without penetrating it.

15. A connector according to claim 1, wherein said connector is heat-treated to have said at

20 least one spike perpendicular to said ring.

16. A connector according to claim 1, wherein said connector is heat-treated to have said at

least one spike parallel to said ring.

25 17. A connector according to claim 1, wherein said connector is heat-treated to have said at

least one spike bend.

18. A connector according to claim 1, wherein said connector is heat-treated such that said

at least one spike does not bend.

30

19. A connector according to claim 1 3 wherein said connector is heat-treated such that said

pivot bar is twisted.
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20. A connector according to claim 1, wherein said connector is heat-treated such that said

pivot bar is not twisted.

21. A connector according to claim 1, wherein said pivot bar is within an axial extent of

5 said ring-like shape.

22. A connector according to claim 21, wherein said pivot bar is substantially centered

relative to said ring like shape.

10 23. A connector according to claim 1, wherein said pivot bar is outside an axial extent of

said ring-like shape.

24. A connector according to claim 1, wherein said pivot bar is comprised in a pivot

mechanism.

15

25. A connector according to claim 24, wherein said pivot mechanism is directly mounted

onto at least one of said ring elements,

26. A connector according to claim 24, wherein said pivot mechanism is coupled via a

20 single extension to at least one of said ring elements.

27. A connector according to claim 24, wherein said pivot mechanism is coupled via at

least two extensions to at least one of said ring elements.

25 28. A connector according to claim 24, wherein said pivot bar is coupled to said pivot

mechanism via a hinge at each end of said pivot bar.

29. A connector according to claim 28, wherein said hinge comprises a thickening of said

mechanism relative to said pivot bar.

30

30. A connector according to claim 24, wherein said connector comprises a plurality of

alternating ring segments and pivot bar mechanism and wherein said pivot bar mechanisms are

axially staggered, to allow a greater radial compression of said ring-like shape.
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31. A connector according to claim 1, wherein said pivot bar is straight.

32. A connector according to claim 1, wherein said pivot bar is piece-wise straight.

5 33. A connector according to claim 1, wherein said pivot bar is curved.

34. A connector according to claim 1, wherein said connector is packaged.

35. A connector according to claim 34, wherein said packaging indicates a particular vessel

1 0 type for said connector and for which said connector is adapted.

36. A connector according to claim 35, wherein said vessel type comprises a femoral

artery.

15 37. A connector according to claim 35, wherein said vessel type comprises an aorta.

38. A connector according to claim 34, wherein said packaging indicates a particular vessel

size for said connector and for which said connector is adapted.

20 39. A connector according to claim 34, wherein said packaging indicates a particular vessel

wall thickness for said connector and for which said connector is adapted.

40. A connector according to claim 39, wherein said ring-like shape has an axial extent

smaller than said wall thickness.

25

41. A connector according to claim 34, wherein said packaging indicates a particular

connection geometry for said connector and for which said connector is adapted.

42. A connector according to claim 41 , wherein said geometry is a side-to-end geometry.

30

43. A connector according to claim 34, wherein said packaging indicates a particular

oblique angle geometry for said connector and for which said connector is adapted.
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44. A connector according to claim 1, wherein said at least one spike is cut out of an

opposing spike of said connector.

45. A connector according to claim 1, wherein at least one of said ring segments comprises

5 a plurality of axially spaced elements.

46. A connector according to claim 45, wherein said plurality of elements comprises at

least three elements.

47. A connector according to claim 45, wherein said plurality of elements comprises at

least four elements.

48. A connector according to claim 45, wherein said plurality of elements comprises at

least five elements.

49. A connector according to claim 45, wherein all of said plurality of elements have a

same geometry.

50. A connector according to claim 45, wherein at least two of said plurality of elements

have mirrored geometries.

51. A connector according to claim 45, wherein at least one of said plurality of elements

has a single curve geometry.

25 52. A connector according to claim 45, wherein at least one of said plurality of elements

has a dual curve geometry.

53. A connector according to claim 45, wherein at least one of said plurality of elements

has at least three curves defined thereby.

30

54. A connector according to claim 45, wherein at least one of said plurality of elements

has a varying width.
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55. A connector according- to claim 45, wherein all of said plur4i£AAjSsQ^Sv-£LCT 2000

constant width.

56, A coimecior according to claim 45, comprising a strain dissipation element 3* a point of

wTOieotian of at bast one of said elements and e spike element to which said ring segment is

altfidisd.

57, A. cormcctoT according to claim 56, whsrcjr said strain dissipation element comprises a

thickfltrnftg of sw«l asially spaced memmt

55. A connector according to ciftisr 5?, wherein said thickeain^ defmss an aptnuro,

59 . Am. etfiod of averting a. blooc vessel, comprising

:

engaging a tip of said vsssssl ai a plurality ofpoints around Its ekenrnietence;

inverting said. lip by inverting said points; and

patTing said inverted painis towajds a disiai end of saidblood vessel

60- A method according id claim 59, wherein said plurality comprises at leas: four poises.

0 61 , A method according to claim 59, therein said engaging comprises engaging using

forceps and wherein said inverting comprises rotating said forceps.

61. A method according id any of claims 59*61
k wherein said puilipg comprises puilina

different ones of ssid points diner amounts,

63. Appgratus for graft cversion of a prarl over a shaft having a tip. comprising:

a handle for ^gaging said shaft;

a plurality of forceps arranged to engage a tip of sa3d graft where it protrudes form said

shaft; and

0 a plurality of joints, each one associated -with one of said forceps, for rotating said

forceps pulling a dp of sack of said forceps axially along said shaft.

64. A method of measuring & graft size, comprising:

21
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mounting a tip of said graft os two sxtensious, ons exierJ

one extension coupled to a handle;

mariipulaQng said bundle such that said extensions separate:

rending a measurement on a seals coupled to said spring: arid

5 sftlecting an anastomosis connector responsive to said read measurement.

65, A method according id claim 64, comprising further xnaaipuiaxmg said h&ndb to

stretch said graft rip,

10 65 . A hole pon cfaer, comprising r

a sharp tip for farming ap"uncturc in & blood vessel;

a shaft having a varying diameter and havteg a depression formed therein for engaging

z wall of said blood vessel, said diamsier substantially matching a diaxnsto of said tip ai one

end of xac shafts said diameter increasing away riom said rip for a first distance and said

O 1 5 diameter then dcFming a slope of dirnimshing diameter towards said depression: and

%y an, omc: tube mctimed 0£ said sbait and bavins an end, said outer rube having sn inner

7^ diameter of said sad that is in a range of diameters defined by said slope of diminish in r

m dlamsfcsrs,

m
^ 20 61. A ptmcbsr according to claim 66, wherein said end of said qvxgt xu.be has a smaller

ouisr cu" arnecer that a more prorimal poruoii of said outer nibs_

5S A puuohcjr according to claim 66 or claim 67* Vnereki said diraixiisniiig diameter slope

te obliquely arrange around said shafi-

25

69. A method of forming sn oblique anastomosis cormcctcr, comprising:

providing anon-obliqus anastomosis connector;

monnting said connector in arsstraixtt;

manipulating said resiraints to deform said conneciDr to a desired degree of

30 obliqueness; and

heat-treating said connector after said manipulation, to marn:aiu said distcntion-

70. A method according to claim 69, comprising hcat-treating said connector prior to said

mciinUng, to train a de&rmation of a spike portion of said connector.

28
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7L A side mounted delivery system^ comprising;

a handle iacJpdinj an opening In its side;

5

10

a graft delivery tool adapted to iit through said opening; and

a groove and projection mechanism, slidably interconuectiag said tool and said handle.

72. A Bysicru according to claim 71, corBpristBg a snap-lock mechatiism for axially fixing

said handle relative to saidtooL

73. A mstked according In any Of claims 59-6 L, wherein said points arc invtsrred

smraltaaeaasly.
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